One of the methods for strengthening square concrete columns is shape modification. The method involves modification of the column cross section from square to circular by bonding concrete segments and then wrapping the column with fiber reinforced polymer (FRP). This paper investigates experimentally the applicability of the shape modification (circularization) for square hollow reinforced concrete (RC) specimens under different loading conditions. Five groups of four hollow RC specimens made from normal strength concrete were cast and tested. The specimens in the first group were RC hollow specimens, which served as reference specimens. The corners of the specimens in the second group were rounded to 20 mm and wrapped with two layers of carbon FRP (CFRP). The specimens in the third group were circularized and wrapped with two layers of CFRP. The specimens in the fourth group were bonded with one CFRP strap longitudinally on each side and then circularized and wrapped with two layers of CFRP. The specimens in the fifth group were wrapped with one layer of CFRP and then circularized and wrapped with two layers of CFRP. The results show that circularization increased the strength and ductility of the hollow specimen. Transverse wrapping with CFRP mainly improved the performance of the specimens under concentric axial loadings, while the longitudinal CFRP straps mainly improved the performance of the specimens under eccentric axial loading. 
Introduction
possess high torsional and bending stiffness. Hollow RC columns are usually preferred when 48 the construction of a tall column is required. The construction cost of the structure with 49 hollow columns is considerably less (Sheikh et al. 2007 ). However, the behavior of hollow 50 columns is different from the behavior of solid columns due to the presence of an inner hole. is due to the uniform distribution of confinement pressure around the circular cross-section.
57
In contrast, for non-circular cross-sections, the confinement pressure is much higher at the 58 corners than on the flat sides. The high confinement pressure at the corners causes premature The specimen labels consist of two parts in Table 1. The first part (N, RF on the sides of the specimens. The segments were held onto the sides of the specimens by 199 using steel rings. All specimens, except the specimens of the reference group (Group N),
200
were wrapped with two layers of CFRP. Table 2 summarizes the results of the specimens tested under concentric axial compression.
298
The axial load-axial deformation behavior of the concentrically loaded specimens is shown in respectively, of the ductility of Specimen N-0 (Table 2) .
347
348 Table 3 reports the results of specimens tested under 25 mm eccentric axial loads. (Table 3) .
366
Tables 4 reports the results of the specimens tested under 50 mm eccentric axial compression. (Table 4) . It is evident from Table 2 - Table 4 Table 5 summarizes results of the specimens tested under four-point loading. Fig. 12 shows 393 the load-midspan deflection behavior of the specimens. Specimen VCF-F achieved the 394 highest ultimate load followed by Specimen HCF-F, Specimen CF-F and Specimen RF-F.
395
Specimen VCF-F showed three peak loads in the load-midspan deflection diagram. The three wrapped specimens showed an ascending branch after the yield. Specimen VCF-F achieved 405 the highest ductility followed by Specimen CF-F, Specimen HCF-F, and Specimen RF-F.
406
The ductility of Specimens RF-F, HCF-F, VCF-F and CF-F were 1.1, 1.4, 1.5 and 1.3 times, were used to calculate the centroid of the concrete in compressive zone for circular specimens 472 (Fig. 15) .
Effect of Circularization
where y, R and θ are as shown in Fig. 15 .
479
The capacity of the specimens under concentric axial compression was calculated as:
where ݂ ´ is the unconfined concrete strength, ‫ܣ‬ is the gross-sectional area of column 483 and ݂ ௦௬ is the yield strength of longitudinal steel bars, and ‫ܣ‬ ௦ is the total area of longitudinal 484 steel bars.
486
The compressive strength of confined concrete was calculated based on the FRP confined The effect of transverse CFRP around the square specimens in Group HCF was neglected due 503 to the sharp corners of the square specimens. Therefore, the theoretical axial load and the 504 bending moment of Specimens CF and HCF are the same. The effect of longitudinal CFRP 505 straps was also neglected for concentrically loaded specimen in Group VCF. Table 6 shows 506 the experimental and theoretical axial load and bending moment of the tested specimens. The 507 larger difference in the experimental and theoretical load-bending moments for the specimens 508 tested under four-point loading might be because the shear span of the circularized beam 509 specimens was shorter than twice the effective depth of concrete cross section. Table 2 . Results of the concentrically loaded specimens.
658 Table 3 . Results of the 25 mm eccentrically loaded specimens.
659 Table 4 . Results of the 50 mm eccentrically loaded specimens.
660 Table 5 . Results of specimens tested under flexural. Table 6 . Theoretical and Experimental Results of specimens tested under different loading 
